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(54) OVERLAY MARK AND MANUFACTURE OF SEMICONDUCTOR DEVICE USING 
THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To equalize the effect 
of aberration of a projection optical system and to 
perform a high-accuracy overlay of patterns by 
adopting a pattern formed with the same width, 
space and pitch of traces as the part of pattern 
having the smallest overlay margin of device 
patterns. 

SOLUTION: Patterns 5 and 6 which are same as 
the pattern having the smallest overlay margin in 
the direction of both width and length are formed 
with the same space 8 and pitch 7 of traces. At an 
overlay check mark M5, if at least both sides have 
the same structure, it is judged to be satisfactory 
regardless of the actual number of repeated device 

patterns. If one pattern is repeated at least three times, the effect of aberration of pattern 
can be considered. When the overlay check mark M5 is formed in this way, the effect of 
aberration of a projection optical system to device patterns and the overlay check mark 
becomes equal. Accordingly, the accuracy of measurement of overlay error is improved 
and a high-accuracy overlay of patterns can be performed. 
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* NOTICES * 

Japan Patent Office is not responsible for any damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention is dew which is the manufacture method 

of a semiconductor device. 

[0002] 

[Description of the Prior Art] Generally, by forming a thin film on a semiconductor substrate, forming a 
resist pattern on the thin film, and giving dry etching by using the resist pattern as a mask, the 
manufacturing process of a semiconductor device repeats the process of forming a predetermined design 
pattern in a thin film, and performs it. 

[0003] Here, the formation process of a resist pattern is performed at the process of further the following. 
First, the thin film of a photoresist is formed by the spin coating method on a semi-conductor substrate. 
Next, a predetermined design pattern is exposed on a photoresist with a reduction projection exposure 
machine (stepper) using the photo mask in which the predetermined design pattern is formed beforehand. 
At this time, it carries out using the alignment mark as a superposition mark at the time of exposure. 
Drawing 1 1 is the plan showing the conventional alignment mark Ml . As shown in drawing, the repeat of 
the pattern of the about 1-10-micrometer shape of a big line is mainly used. 

[0004] Next, a photoresist is developed and a resist pattern is made to appear. Next, inspection of the 
amount of superposition gaps of the resist pattern which appeared, and the pattern currently beforehand 
formed in the ground, and a pattern size is conducted. This inspection is conducted by the superposition 
inspection mark currently formed in the upper layer and the lower layer which perform superposition, and 
if an inspection result is less than a predetermined value, dry etching will be given by using a resist 
pattern as a mask. Moreover, if it is beyond a predetermined value, it will become redo of the formation 
process of a resist pattern. 

[0005] Drawing 12 is the plan and cross section showing the conventional superposition inspection mark 
M2. it is shown in drawing ~ as ~ the conventional superposition inspection mark - the 1st [ with a 
square of about 10-30 micrometers ] ~ piling up — an inspection mark - a ground ~ forming - next, the 
time of superposition-ed pattern formation ~ the - the 2nd superposition inspection mark of the square of 
a size which piles up one and is different on an inspection mark is formed 

[0006] Drawing 13 is the cross section showing the measuring method of the amount of superposition 
gaps by the conventional superposition inspection mark. As shown in drawing, when it left the 1st 
inspection mark 1 of a ground, and it formed by the pattern, and the upper 2nd inspection mark 2 is 
extracted and it forms by the pattern, the edge of the pattern shown by the arrow is detected and the 
distance 3 between left-hand side pattern edges and the distance 4 between right-hand side pattern edges 
are measured, and the difference is piled up and it measures as an amount of gaps. 
[0007] 

[Problem(s) to be Solved by the Invention] The measuring method and also alignment mark of the 
conventional superposition inspection mark and the amount of superposition gaps are above, and the 
repeat of the about 1-10-micrometer big line-like pattern which is about 10-30-micrometer the square and 
alignment mark which are the conventional superposition inspection mark came to differ in pattern size 
greatly from an actual device pattern with detailed-izing of a pattern. 



[0008] Moreover, although position gap of a pattern took place by the aberration of a projection optical 
system, since the influence of aberration changed with pattern sizes, when the alignment mark and the 
superposition inspection mark differed in pattern size greatly from the actual device pattern, in an actual 
device pattern, there was a trouble that the superposition error at the time of exposure became large, or the 
amounts of superposition gaps of a pattern differed. 

[0009] As shown in drawing 14 (a) and (b) as what solves this, the method of forming the side with a 
square of about 10-30 micrometers which is the conventional superposition inspection mark in the line 
M3 and hole M4 which have the same pattern size as an actual device pattern is proposed. 
[0010] However, by this method, although pattern size was formed identically to an actual device pattern, 
depending on the kind of aberration, the pitch and the pattern interval differ from the actual device 
pattern, the amount of position gaps of a pattern piled them up too, and there was a trouble of differing by 
the inspection mark and the actual device pattern. 

[001 1] This invention was made in order to cancel the above troubles, and it can aim at improvement in 
superposition precision, and it aims at offering superposition marks which can form a reliable device 
pattern, such as an alignment mark and a superposition inspection mark. 
[0012] 

[Means for Solving the Problem] The superposition mark concerning the claim 1 of this invention is 
equipped with the pattern formed among device patterns in the same pattern width of face as a pattern 
portion with few superposition margins, the pattern interval, and the pitch. 

[0013] The superposition mark concerning the claim 2 of this invention is equipped with the pattern 
formed in lengthwise and each longitudinal direction in the same pattern width of face as each pattern 
portion with few superposition margins, the pattern interval, and the pitch among device patterns. 
[0014] The superposition mark concerning the claim 3 of this invention is equipped with the pattern into 
which the pitch of the above-mentioned hole pattern was changed so that a resist might imprint in the 
non-measuring direction in the same pitch as the above-mentioned hole pattern at a line in the 
measurement direction, when a device pattern is a detailed hole pattern. 

[0015] the repeat of the pattern with the same superposition mark concerning the claim 4 of this invention 
~ at least — neighbors — having ~ the above — the repeat of the same pattern is taken as a pattern detailed 
to the grade which is not imprinted by the resist at the time of exposure 

[0016] It is made for the superposition mark concerning the claim 5 of this invention to be an alignment 
mark used for superposition with a ground pattern at the time of exposure. 

[0017] It is made for the superposition mark concerning the claim 6 of this invention to be a superposition 
inspection mark which performs superposition by [ in which it was formed with the 1st device pattern / 
which pile up and measures the distance between edges with the resist pattern of a mark ] having piled up 
and having been formed with a mark and the 2nd device pattern. 

[0018] The manufacture method of the semiconductor device concerning the claim 7 of this invention The 
process which forms an insulator layer on a semiconductor substrate, and the process which forms the 
contact hole which lays on top of the above-mentioned insulator layer, and includes a mark, The process 
which forms an electric conduction film in the whole surface, and the process which forms a resist thin 
film on the above-mentioned electric conduction film, The process which forms the resist pattern of 
wiring by exposing and developing the circuit pattern which lays on top of the above-mentioned resist 
thin film, and includes a mark, The process which measures the amount of superposition gaps of the 
superposition mark at the time of the above-mentioned contact hole formation, and the superposition 
mark at the time of the resist pattern formation of the above-mentioned wiring, and when the above- 
mentioned amount of superposition gaps is in predetermined tolerance, It has the process which 
********** s t ^ e above-mentioned electric conduction film by using the resist pattern of the above- 
mentioned wiring as a mask. 
[0019] 

[Embodiments of the Invention] 

Gestalt 1 . drawing 1 of operation is the plan having shown some device patterns PI in a wiring process. A 
superposition margin is the fewest pattern, and drawing 1 has the pattern width of face 5 and 6, and has 
the pattern interval 8 and a pitch 7. 



[0020] Drawing 2 is the plan showing the superposition inspection mark M5 at the time of imprinting the 
device pattern of drawing 1 . As shown in drawing, it forms a longitudinal direction and lengthwise in the " 
same pattern width of face 5 and 6 as the pattern of drawing 1 , the same pattern interval 8, and the same 
pitch 7. Moreover, by the superposition inspection mark, both sides should just be the same composition 
at worst irrespective of the number of repeats of an actual device pattern. That is, by the superposition 
inspection mark, if there are at least three repeats of the same pattern, they can take into consideration the 
influence of the aberration received from a pattern. 

[0021] Thus, it can become the same influencing [ the same pattern width of face as a pattern with few 
superposition margins, pattern interval, and pitch of an actual device pattern ] of the aberration which 
piles up with a device pattern and an inspection mark receives from a projection optical system since it 
piled up and the inspection mark was formed, the amount of superposition gaps can be measured with a 
sufficient precision, and superposition of a highly precise pattern can be performed. 
[0022] With the gestalt 1 of the gestalt 2. above-mentioned implementation of operation, you may form 
the superposition inspection mark M6 which used the actually same pattern configuration as a device 
pattern and which expressed the same pattern width of face as a pattern, pattern interval, and pitch of 
drawing 1 by the linear pattern as it was shown in drawing 3 , although it piled up and the inspection 
mark was explained. 

[0023] In this case, since a pattern becomes simple while having the same effect as the form 1 of the 
above-mentioned implementation, it piles up, and formation of an inspection mark becomes easy. 
[0024] Form 3. drawing 4 of operation is the plan having shown an example of the hole pattern P2 in a 
device pattern. As shown in drawing, this hole pattern has the pattern width of face 9 and 10, and has the 
pattern intervals 1 1 and 12 and pitches 13 and 14. That is, the pattern width of face, pattern interval, and 
pitch of a hole pattern differ from each other by the longitudinal direction and lengthwise. 
[0025] Drawing 5 is the plan showing the superposition inspection mark M7 at the time of imprinting the 
device pattern of drawing 4 . As shown in drawing, in a longitudinal direction and lengthwise [ each ], it 
forms in the same pattern width of face 9 and 10 as a hole pattern, the same pattern intervals 1 1 and 12, 
and pitches 13 and 14. 

[0026] thus, when the pattern intervals 1 1 and 12 differ from pitches 13 and 14 by the longitudinal 
direction and lengthwise in the actual device pattern, respectively In a superposition inspection mark The 
influence of the aberration which will pile up with a device pattern and an inspection mark will receive 
from a projection optical system if a pattern interval and a pitch are changed and it forms by the 
longitudinal direction and lengthwise like an actual device pattern becomes the same, and the amount of 
superposition gaps can be measured with a sufficient precision. ** -- Superposition of a highly precise 
pattern can be performed. 

[0027] It may pile up and the repeat pattern of the measurement direction may be formed in the grade 
which was shown by drawing 5 of the gestalt 3 of the gestalt 4. above-mentioned implementation of 
operation and which is not imprinted at the time of exposure by the detailed pattern in an inspection mark. 
Like the gestalt 1 of the above-mentioned implementation, if there are at least three repeats of the same 
pattern, they can take into consideration the influence of the aberration received from a pattern. Drawing 
6 is the plan having shown the superposition inspection mark M8 of the gestalt 4 of operation. It piles up, 
while having the same effect as the gestalt 3 of the above-mentioned implementation, if it is made this 
appearance, and in inspection, test equipment can detect a pattern easily and can make measurement of 
the amount of superposition gaps easy. 

[0028] If the device pattern of the form 5. practice of operation piles up in the same pattern size and same 
pitch as an actual device pattern in the case of the small detailed hole pattern of the diameter of a hole and 
forms an inspection mark to a pitch, a pattern may become sparse and test equipment may be unable to 
detect a pattern. When such, as for pattern size, it is good to change a pitch in the non-measuring direction 
and to form a pattern, without changing a pitch in the measurement direction of test equipment as the 
same as an actual device pattern. 

[0029] Drawing 7 (a) is the actual device pattern P3, drawing 7 (b) is the superposition inspection mark 
M9 of the gestalt 5 of the operation corresponding to drawing 7 (a), and drawing 7 (c) is a pattern 
configuration at the time of imprinting drawing 7 (b). As shown in drawing 7 (b), by the superposition 



inspection mark on a mask, the pattern size of an actual device pattern and the pitch of the measurement 
direction (lengthwise [ of this drawing ]) form the pitch of a hole pattern in the non-measuring direction 
small below at the resolution limit, without changing, since the pattern interval will approach below the 
resolution limit if the hole pattern of drawing 7 (b) is imprinted, as shown in drawing 7 (c) -- a hole -- 
being connected - a line » it can form in a pattern and test equipment can detect a pattern easily 
[0030] gestalt 6. of operation here, a contact hole formation process and a wiring process are explained 
as an application to actual device manufacture Drawing 8 (a) is the plan having shown the contact hole 
formation process and the wiring process, drawing - setting 15 -- a circuit pattern and 16 — for a 
contact hole pattern, and 17 and 18, as for a pattern interval and 20, pattern width of face and 19 are [ a 
portion with few superposition margins and 21 ] portions with few superposition margins in a longitudinal 
direction in lengthwise 

[0031] Drawing 8 (b) is drawing having shown the superposition inspection mark M10 of a contact hole 
formation process and a wiring process. In drawing, the superposition inspection mark of a contact hole 
formation process is formed in the same size as the pattern width of face 17 and 18 in direction A-Aof 
cross section 1 of portions 20 and 21 with few superposition margins, and B-B\ and the pattern interval 
19. Among these, in direction B-Bof cross section \ the pattern interval is enough considered as single- 
tier arrangement by latus 1 . Moreover, the superposition margin forms the superposition inspection mark of 
a wiring process in few direction A-Aof cross section 1 of portions 20 and 21, and B-B' too with the same 
size as the pattern width of face 22, 23, and 24 and the pattern intervals 25 and 26. 
[0032] Drawing 9 (a) - (d) is the process cross section of A- A 1 in the device pattern shown by drawing 8 , 
and a superposition inspection mark, and C-C, a left-hand side portion is piled up and inspection mark A- 
A f and a right-hand side portion are the cross sections of device pattern C-C*. Hereafter, it explains 
according to drawing 9 . 

[0033] First, a contact hole is formed in the insulator layer 27 which is a ground as shown in drawing 9 
(a). Next, as shown in drawing 9 (b), the electric conduction film 28 is formed on an insulator layer 27. 
Next, as shown in drawing 9 (c), after forming a resist thin film on a spin coat on the electric conduction 
film 28, negatives are developed by exposing with a projection exposure machine through a mask 
including a superposition inspection mark, and the resist pattern 29 is formed. 

[0034] Then, the pattern and the resist pattern 29 which are formed in the insulator layer 27 of a ground in 
the superposition inspection mark section are detected, the distance 30 and 3 1 between pattern edges is 
measured, and the amount of superposition gaps on either side is measured. Then, if measurement of the 
amount of superposition gaps is less than predetermined tolerance, as shown in drawing 9 /d), it will etch 
into the electric conduction film 28 by using the resist pattern 29 as a mask, and a circuit pattern will be 
formed. 

[0035] Since the superposition inspection mark forms similarly to a contact hole pattern and a circuit 
pattern pattern width of face and the pattern interval at this time, superposition can be performed with 
high precision. 

[0036] Although it piled up and the gestalten 1-6 of the gestalt 7. above-mentioned implementation of 
operation explained the inspection mark, the alignment mark which is a superposition mark used at the 
time of exposure can be considered the same way. 

[0037] Drawing 10 (a) and (b) are the plans showing an alignment mark. When the minimum pattern on a 
device pattern is formed by 0.25 micrometers, as shown in drawing 10 (a), the alignment mark Ml 1 is 
formed by the 0.25 -micrometer line & space pattern. Moreover, when the minimum pattern on a device 
pattern is a hole pattern, as shown in drawing 10 (b), the alignment mark M 12 is formed by the minimum 
hole pattern. 

[0038] Thus, since the alignment mark was formed in the same pattern width of face as a device pattern, 
the pattern interval, and the pitch, the superposition error at the time of exposure can be made small. 
[0039] 

[Effect of the Invention] Since it had the pattern formed among device patterns in the same pattern width 
of face as a pattern portion with few superposition margins, the pattern interval, and the pitch as 
mentioned above according to this invention, the influence of the aberration which piles up with a device 
pattern and a mark receives from a projection optical system becomes the same, and can perform 



superposition of a highly precise pattern. 

[0040] Moreover, since it had the pattern formed in lengthwise and each longitudinal direction in the 
same pattern width of face as each pattern portion with few superposition margins, the pattern interval, 
and the pitch among device patterns, the influence of the aberration which piles up with a device pattern 
and a mark receives from a projection optical system becomes the same, and can perform superposition of 
a highly precise pattern. 

[0041] Moreover, since it had the pattern into which the pitch of the above-mentioned hole pattern was 
changed in the measurement direction so that a resist might imprint in the non-measuring direction in the 
same pitch as the above-mentioned hole pattern at a line when a device pattern was a detailed hole 
pattern, in superposition inspection, test equipment can detect a pattern easily and can make measurement 
of the amount of superposition gaps easy. 

[0042] moreover, the repeat of the same pattern ~ at least neighbors — having ~ the above - since the 
repeat of the same pattern considered as the pattern detailed to the grade which is not imprinted by the 
resist at the time of exposure, in superposition inspection, test equipment can detect a pattern easily and 
can make measurement of the amount of superposition gaps easy 

[0043] Moreover, since it was made to be the alignment mark used for superposition with a ground 
pattern at the time of exposure, influence of the aberration by the projection exposure machine can be 
made small, and the superposition error at the time of exposure can be made small. 
[0044] Since it was made to be the superposition inspection mark which performs superposition by [ in 
which it was formed with the 1st device pattern / which pile up and measures the distance between edges 
with the resist pattern of a mark ] having piled up and having been formed with a mark and the 2nd device 
pattern, it can pile up in test equipment and the amount of gaps can be measured with a sufficient 
precision. 

[0045] Moreover, the process which forms an insulator layer on a semiconductor substrate and the 
process which forms the contact hole which lays on top of the above-mentioned insulator layer, and 
includes a mark, The process which forms an electric conduction film in the whole surface, and the 
process which forms a resist thin film on the above-mentioned electric conduction film, The process 
which forms the resist pattern of wiring by exposing and developing the circuit pattern which lays on top 
of the above-mentioned resist thin film, and includes a mark, The process which measures the amount of 
superposition gaps of the superposition mark at the time of the above-mentioned contact hole formation, 
and the superposition mark at the time of the resist pattern formation of the above-mentioned wiring, and 
when the above-mentioned amount of superposition gaps is in predetermined tolerance, Since it had the 
process which ********** s the above-mentioned electric conduction film by using the resist pattern of 
the above-mentioned wiring as a mask, superposition of a contact hole and a wiring layer can be 
performed with high precision, and improvement in the reliability of a device can be aimed at. 

CLAIMS 



[Claim(s)] 

[Claim 1] The superposition mark characterized by having the pattern formed among the above- 
mentioned device patterns in the same pattern width of face as a pattern portion with few superposition 
margins, the pattern interval, and the pitch in the superposition mark used for each above-mentioned 
process at the time of performing the superposition process of a device pattern two or more times. 
[Claim 2] The superposition mark characterized by having the pattern formed in lengthwise and each 
longitudinal direction in the same pattern width of face as each pattern portion with few superposition 
margins, the pattern interval, and the pitch among the above-mentioned device patterns in the 
superposition mark used for each above-mentioned process at the time of performing the superposition 
process of a device pattern two or more times. 

[Claim 3] The superposition mark characterized by having the pattern into which the pitch of the above- 
mentioned hole pattern was changed so that a resist might imprint in the non-measuring direction in the 
same pitch as the above-mentioned hole pattern at a line in the measurement direction in the superposition 
mark used for each above-mentioned process at the time of performing the superposition process of a 



device pattern two or more times when the above-mentioned device pattern is a detailed hole pattern. 
[Claim 4] the repeat of the same pattern -- at least - neighbors - having - the above - the superposition 
mark according to claim 1 or 2 characterized by the repeat of the same pattern considering as a pattern 
detailed to the grade which is not imprinted by the resist at the time of exposure 
[Claim 5] The superposition mark according to claim 1 or 2 characterized by being the alignment mark 
for which a superposition mark is used to superposition with a ground pattern at the time of exposure. 
[Claim 6] The superposition process of a device pattern is the superposition of the 1st device pattern and 
the 2nd device pattern. A superposition mark With the superposition mark and the 2nd device pattern 
which were formed with the 1st device pattern The superposition mark according to claim 1 to 4 
characterized by being the superposition inspection mark which performs superposition by [ which pile up 
and measures the distance between edges with the resist pattern of a mark ] having been formed. 
[Claim 7] The manufacture method of the semiconductor device which used the superposition mark 
according to claim 6 characterized by providing the following The process which forms an insulator layer 
on a semiconductor substrate The process which forms the contact hole which lays on top of the above- 
mentioned insulator layer, and includes a mark The process which forms an electric conduction film in 
the whole surface The process which forms a resist thin film on the above-mentioned electric conduction 
film, and the process which forms the resist pattern of wiring by exposing and developing the circuit 
pattern which lays on top of the above-mentioned resist thin film, and includes a mark, The process which 
measures the amount of superposition gaps of the superposition mark at the time of the above-mentioned 
contact hole formation, and the superposition mark at the time of the resist pattern formation of the above- 
mentioned wiring, and when the above-mentioned amount of superposition gaps is in predetermined 
tolerance, The process which ********** s the above-mentioned electric conduction film by using the 
resist pattern of the above-mentioned wiring as a mask 



[Translation done.] 
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